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B Decomprassion sckness (DCS) is recogndzed as a multifac-
tarial phenomenon depending on several individual Fackoes,
such as age, adiposity, and bevel of litness. The detection of G
culating vencus hubbdes i considered as a useful index for the
safety of a decompression, because of the relationship betwean
bk bles and DCS probabity. The alm of this work was to study
the effects of Individual varlables which can be sssessed non In-
vasively, on the gradet of bubbles detected &0 min, after diving
by means of Doppler mondtoring, in a samphe of 40 male recre-
atienal seuba divers. The variables imvestigated were: age,
weight, maximal oxygen uptake (Y0;max] and percentage of
body fat (XEF). Bubble signals were graded according to the

code of Spericer, The relationshlps between the bubble grades

(BCY and the variables Investigated were studied using’ bwo
mathods: the differences between the average values of zach
varlable ak each BG were anahyred by the Scheffe tast, Then we
performed the non-parametrlc Spearman correlation anabysis,
Significant differences (P 0.05) vere found (ScheHe test) be-
bween average walwei of the varables at grade 0 and 3 {age:
P= L0323 weight: # = 0,0420; WO,max: P=0.0484), except far
XEF (P = 0.1697]. Relatlonshlps with P< 007 ware lound {Spear
ran commelation} between BG and the varables: age; p= 0,486,
P 00024; welght: p=0,463, P=0.0035; YO,max p= - 0481,
P=0.0027; except for XBF: p=(.362, P=0.0237 This wark
showed that bubble preduction after hyperbaric exposures des
pends on several |dividual Tactor, The effects of age, weight
and YA0;max are more significant than the effect of ZEF. We con-
duded that to take inte account such variables In decomgres-
siowt Labdes and diving computer prograrms shiuld allow o adapt
the decomprassion procedures to indnidual risk Factors and re-
duce the DS probabilitby.
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B Key waords: Recreational diving, bubbles, Dopplar maonitor-
itg. age, weight, body fat percentage, maximal oxygpen wptake.

Introductian

For more than 20 years it has been kngwa, thanks to the Dop-
pler vltrasonic detection, that post-dive decompression pra-
duces wenous ineet gas bubbles 19,33, [t was hypothesized
thar bulbbles form in the tissues and blood during decompres-
siom as a resule of supacsaturacion of the dissolved inert gas,
from pre-exisiting gas nuclei dus [0 vacuum phenomena |31].
Inteavaseular bubbles are detected in the wenous circulation,
st often in the precordial region, and their sound signals
are graded according to a scale of assessment [15,30). They
are cansidered |25] as the mwst likely lactor for initiating de-
COMPEESSIon 5ickness ( DC5 ). Their presence is not sufficient oo
induce DS, but it is known that DCS risk is oprrelated o bub-
ble production [9,11,23, 25,28, 30. Bove ef al. [3] showed that
4 high grade of venous hubhles could increase the sk of new-
redogbcal BCS. Thus, one can consider that the facoors Bavowning
the formation of bubbles are alse DCS risk (200003 3 i 42 pos-
sible to use the detection of circulaging bubdbles as an index of
safety for dive and decompression prodiles, and to investigate
LS risk factors in men, without any DCS symprom. Bubble
formation during decompression, as well as ICS, are muloifac-
tarial and unpredicable phenomenons which Fowell [26]
called chaotic, Nevestheless, the incidence of individual chac-
Acreristics such as age, weight, adipasity on DLS probabal iny is
widely recognized [2,13,17]. For Mebande and Melver |20
obesity and poor physical condirion generally co-exist and rep-
resent 3 hazard o the divers, Obesity is recornized as a OCS
Tisk factor becaose of the high solubdlity of nitrogen in Bipids:
Dembert et al, [8] found significantly higher measures of
weight and skinfold thickness in USN divers who experienced
IME win compared o those wha remained free of IS,
Carlioz et al. [5] showed significant effects of age. weight and
body fat tissue on the grades of bubbles detected during de-
compression. For Lam and Yau [17), DCS susceptibilicy is in-
cregsed by age, but this might be due to an increase af adipos-
ity as a consequence af age. Broome e al, [4] reported that
studies on military divers generally stwed no association of
DC3 and age, They commentad that, in military diving unies,
bth senior and junior divers are required & mantain o high
Ievel of aerobic fitness. In the acrual practice of diving, it is
knowrn that phwsical ficness 13 a determining biclagical factor
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for DC% prahability, even if few studies showed its stanscal
significance, Tor Vann |22, aerobically trained runners appear
ta be at a lower risk of venous bubkbling and bends than weight
lifters or sedencacy subjects. Gardette ot al. [12] showed thae
divers wha are "hubble producers” had lower scores at rhe
Ruffier Index than “no bubble produwcers”, Rattner et al. [27]
found that acrobically trained rats had a significantly reduced
risk of neurological IS afrer hyperbaric cxposure, MEirnan
er al, [18] reporred a reduction of 20% in cerebral Blood flow
[CBF] at tesl, in @ sample of exercise conditioned pigs, com-
pared to the untrained control pigs. Broome e l, |4] pothe-
sized that such changes in CBF were representative of propor-
tional changes in CHS Llood fow generally, thus also in spinal
blood flow. Therefare, they assumed that reduced spinal cord
blood flow would lecsen the gas uptake by spinal cord tissue
and reduce che risk of peurplogical DCS. Moreover, they as-
sumed thae the rheological effects of aerobic training [a mise
in plasma valume and Fall in hematocrit] might also explain
che reduction of the DCS risk. They aleo subjected pigs (o an
aetobec rriining program. and reported a significant reduction
of the [RC5 incidence in the conditioned pigs, compared to the
contrel sample, regardless of differences in age. adiposity and
wigighr. When comparing vanious domestic nom primate ani-
rrals To wean. the pig is the mast physiolegically similar [29).
5o, Broome et al. [4)] supgested that chedr findings in pigs might
be extrapaiated to human divers and that serobical physical
coduditioning coultd protect them against newrclogical OCS. In
order W provide data about celathonships between bubble for-
mation and individual variables which could be raken inte ac-
cent to improve the decompression procedures, we carried
aut Dappler monitoeing after decompression in 2 sample of
recreational divers. We imaestigated the eelationships bebween
bubble gradas [BG) and variables non invasively assessed: age,
By weighs (kg ), body Fat percentape [EBF] and maxirfal oxy-
gen uptake (V0,max ), which is ar present the best tost to glob-
ally assess the adaptation to physical exertion [21]. We chose
recreational divers because recrcational diving pracrice in-
creases in che warld, and because the individual biomerrical
characteristics of the recveational divers are more dispersed
than thase of the militacy and professional divers whose adap-
rarion o decompression is more studied and known, Previoas-
Iy, we have communicated preliminary results of our work at
the 1996 and 1957 congresses of the Ewropean Underwater &
Baromedical Seciaty [6, 7].

Meathods

Formy male recreational divers, medically fit to dive (mean 1g2;
37 £ 10, mean weigh: BO+11 kg mean height: 178 £58cmp
dived in epen water at 35 metres of sea water (msw). They
did not dive 48 h before the study dive amd Chey were required
not oo dive if unfit or fatigued. The bottom time, including the
descent Time [(T05, ne. 30 memin') was 25 min. The dives
were performed oo a 35 msw regular flac batrom. The decom-
pressian was determined in accordance with the COMEX 1957
decompression table: linear ascent at 9 m = min"', decompres-
5100 SEoPs: X min af Gmsw. 15 min at 3 msw. Ascent and de-
compression stops were not includesd i the dive time. The dive
pridiles and the rate of ascent were stricthy contpalled by one
investigatar whao is a diving instructer and wha performed all
the dives hirngel [ The temperatire af the water varied in the
pericd af the study from 15 to 20°C at the surface, and from
127 ta 16-'C at the bottom, The divers were cquipped wich neo-

prene diving suits in accordance with the warer remperature.
Thus, nobedy ceportad to have suffered From the cold, They
had to awoeid any exertion except normal swimming duocing
the dives, and to reduce exeriinn as much as possible before
and after diving. All of them gave informed consent in accor-
dance with the French law about bio ethics.

Fubble detertion

Bubdb:le derestion was parformed 60 min after surfacing using 4
continuous Doppler appacatus DUG COMEX MRO, equipped
with a 5 MHz probe. This apparatus allows bubble detecrions
(@ 250w . Bubbles reflect a characteristic acute @clv com-
pared to the pulged hiss corresponding to the blood fMow [15].
To impeove the accocacy of the cardiac signal, the subjects
were placed in loft lateral decutsites, The probe was placed in
the precordial region, the ltrasonic wawe being directed infe
the right ventricle, The subjects lay ac rest 1 minute before
the monitaring. Before the dives we perfarmed a cape record-
ing of their cardiac signal in order bo have a reference, The Sig-
nals were tape recorded for 2 minutes and graded in a blind
manner by two independent investigatars according to the
spencer Doppler code |29).

Assesgment of moximol Gkygen upake

The miaxamal exercise test was performesd in the Labocatory of
Respiratory Function and hMuscular Metabolism Exploration of
the Sainte Marguerite Hospatal {Marsaslles),

Pratocod:

Exercize was performed on 4 cyelo ergometer (ER 900 [aeger).

Tesring sessions took place in the morning, 2 ar 3 howrs after

breakfast, aimbdenr temperature ranged from 21 to 23°C

After a 2 minutes warm-wp period, the load was increased by

200 watts every 2 minutes, The st was stopped in case of ex-

haustlon, excessive hypertensive ceaction [diastolic pressure

= I0mmHg, systolic pressure = 25 mmHg), orwhen the subjedt

presented two of the three accepred crireria of maximal exer-

FIcH;

- maximal thearetical heart cate according to the Astrand for-
mula: 200 puls, - age in years [2]

- respitabory catic s 105

= no increase of Y0, although the minute respicatory fow
kepl increasing.

The following parameters were measured;

- ooygen uptake: W0, STPD L= min-! and ml=min " = kg™ (kg
= body weight],

- minute expiratocy voelume [VE BTPS |« min~'), expired car-
bon dicxide (VT STPD ml<min'), résparatory ratio
':R' |WD:'IIW2]]

- respicatory fequesidy.

The averages corresponding be the 1 minute interdals were dis-
played and the average of the second minute of cach Ioad lewvel
was retained for the study, Heart rate was recorded by means
of srandard electrocardiogram derivations during exertion and
recmery pericds. Systenic arterial blood pressure was mea-
sured at the engd of each Ioad level (Sphyrmanometric).
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Table 1 Individual variablez and grades of bubbles

o, Aqe

Mo. Agr Weight W,max KEEF BG ‘Weight W 'LAF ac
1 4 5 53 181 [ 21 1 71 35 14.1 1]
2 54 EN ER 213 | i 22 &5 41.5 0.6 0
3 47 85 16.4 152 2 13 15 Th Bl | 124 I
4 io -1 406 i7.3 a 24 27 P 2 1.6 [t
3 26 75 41.2 134 a 25 7 [iE] EER] 127 a
5] iz T 408 110.3 1 26 a5 L 435.6 11.8 2
¥ 23 9 18.7 16.1 1] ¥ 30 140 40.7 244 0
] 45 25 %A 17.2 L) | 37 75 36 11,5 ]
£ 1k G Jik 2 2hh 1 39 49 T 51k I5.3 i}
1 19 12 Gh B 1 34 15 3 532 14 D
n 41 14 21.4 Z4.3 1 i an a5 4,7 185 D
12 ke 105 2335 P 3 i 3z L] 434 1E.3 o
13 a7 g2 315 19 1 kX 4% i7 q0.3 187 ]
14 I Bl dn 18.53 1] 3a 30 BT 31 02 2
13 2k &4 6.5 20,6 3 £ 6 51 a5 12.8 1
16 IB 8 44 T4 K] ) 42 ag 3.3 £2 3
17 L] i 52.4 4.1 H Ly 47 74 453 124 a
1E 15 2] 437 it i 18 49 5 32 16.6 3
15 3 =11} 47.1 1.5 a 19 i3 is a5 19 0
H} 46 Td 255 18.1 1 40 | 7 5.7 18,3 k]
Tabde 2 Awverage values of the vardables at each B
Meosure of the percentage of body fot [28F) - i
¥BF was measured hy electrical impedance by means of a B (M) Age Weight ¥0man A
Bodystat 1500 apparatus, This process is mere accurate than oz 12,286 76,5 429532 14510
the classical process of skinfold thickness |14, 16]. b8 38,125 B2.000 37,557 16.263
Individual variables and hubkble grades are shown in Tabde 1., 4 4275 73.150 33323 16743
ERN] 44571 a0.0da 4.7E6 19,657
Statistical amdlyiis o "
* Tabde } Signaficance of the differences beoween the aversges value:
Data were analyzed with che stacistical package STAT VIEW, BEG  ateach BG (cheffe test)
arc categorical and ordinal dara, thus, w0 test the significant =f- ) — -
fect of each wariable on BG, we performed a one-way analysis  BG Pforage  Pfarweight [ for vOumas P for SBF
of vaclange (ANOVA} where BG were the categories betweer
which we t;jL‘d ta rF:ake the differences ewdeﬁ. Th:iigniﬁ- Uys. 1 0.4345 0.6344 5810 08771
cance betwean the average values of the vadables at cach BG Ty 2 0.2263 0.9546 0.0 LY
was invesqgated with the Scheffe test. The celationships be- Gwe. 3 003233 0020 5 0,044 5 41657
rween B and the vardable average values were sepresenied 1w 2 DEIZ D.GA7S 05275 095581
by regression lines. Then the correlations berween variables g0 3 poogag 08251 05476 0.E525
and BG were i the Spearman correlation analy- - -
gis- The level fgfu:f;:ét;ﬁglbsrgnjﬁ{;:m was takem as: P < [I.Dﬁrll_ fvid  beam aTa3 DESEY _ Pﬂ
SePaRrE
Results
Discussian

Table 2 goves the average values of each variable wichin BG. The
AMNDWVA showed the significance of age (F=0.0n27% welght
(P=0.0381) VO,max (P=0.0287), %BF was ool significant
[F=01607% The difference between the average values of all
the variables was significant between grade & and grade 3, ex-
cept For ZBF (Table 3). The regression lines between BG and
average values af the variables are showed in Fg L The Spear-
man correlarion est evidenced the significant =fect of age,
weight, vO,max and BF (Table 4].

This study showed that individual suscepribiliny ro bubble pro-
ductien duning decompression depends an individual charae-
teristics such as age, body weight. aerobic fitness and body
fat. The effect of TBF was less significant than the effect of the
ather variables. AL present no data in the literatuse show a
relationship betweaen VOumax and bubbles, Qur findings are
consistenr with the soudies carreed out on animals [4,27),
which repocted the influence of exerdse conditioning on DCS
pocurrence. Bubble formation is a mulcifactorial process {see



Indlvidual Susceptibility to Butible Prodwctian in Scuba Diwing

Fig.1 Relativnships bebween bisbble grades
and variables: the difference bebween the
avarage walues af zge. waight, and W, max
is sigrdlicant [F={.405) 3t grade 0 and grace
i

Tabde d  Spearman comelation betwesn BG and varabies

*tuibka practas”

Table 3 Correlations betwseen variables

BG w3, age BiS v, weight BG v, VOhmae  BG v EBF Age Weight W max EAF

a=d,436 =463 p=-0487 LELE =¥ Age L257 W& 05215 D443 5

P, 0024 5 P D% 5 Pe00027 4 e k237 6 WE'lght 04645 780 &

S=Pai5 s BT H547 5
Lepe05

introduction]. Thus. although it was not strictly statistically
carrect, we believed thar it could be inceresting to perform a
metlciple regression analysis including all the varables, Inor-
der 1 realize a snapshat of the respective part of each vacable.
The 4 variables were the independant variables and BG was the
dependenc variabde, The resules were: 4 variables: P= 004106,
e P=0.0183; weight: P e GO4ED: Vpmad: P=0.2431; ZBF:
F=02427 This analysis, whose significance threshold was
'« 005, showved meore significance for age and weizhi than
for WOmeax and $BT. Excepr for age and weighr. the vanables
are coreelated 1o one another (Table 51 For Zar |35], in such a
case. the interpretation of partial regression becomes ques-
ticnable, chis could explain chat age and weighr took all the
significance,

‘Wi concloded that recreational divers would be well advised
to keap themselves physically fir by means of aerabic rrainlng,
in order 1o reduce bubble formation and DCE sk duning de-
compression. Mooeaver, threugh training, eldedy divers will
also reduce their body far rate, and will doubly improve thesr
safety. Our conclusion is consistent with Broome e al. [4].
whe vnderlingd that an individual ¢ould manipulate his per-
somal risk by being aerobically fit or unfit. Mareowver, divers
with a high probabiliny of BCS risk must use decompression
tables ar procediures which take these risks intg account. They
must oot use military decompression schedwles tested by mili-
tary divers: Aharon-Peretz et al.| 1| emphasized the high inci-
denceaf neuralogical 0CS reported in caviltan usage of mikitany

diving rables. Age, weight, maximal worgen uptake and body
fat percentage should br taken into account to adapt de-
compression tables and dive compurer pregrams, The physi-
cians could use such dara to <lassefy the divers inte risk probe-
dbility categaries. As Moan &4 al, wrote |22]: "Someday, diving
computers based on probabilistic models should reflect this
reality Jindividual characreristics®) by enabling divers to de-
clare rhe probabdlity they are comfortable with and then con-
duct their dives accordingly”™. It is evident that our skatistical
analycis does not explain all the aspects of hubble formation.
Ocher variahles such as blood facrars [34] ace also recosnized
as being an influence. However, we chose to check variables
which can be assessed nen invasively. The delay of &0 min be-
fore Dppler monicgnng was imposed die [0 parriciulac mare-
ral clrcumstances, Mevertheless, some authors reported that
in most cases, bubbles peak about GO min after surfacing
|10.25], so we can assume that this delay was appropriate. Lin-
like experimental studies in hyperbanc chambers, our subjecrs
hiad w execcise under actual conditions of diving. ie. Lo equip
themsclves. to swim, to come back to the diving boat, to take
o and tidy their equipment, etc.... They were affecrad by the
effects of cold and immersion: diuresis, hasmooanoentrarion,
change in the répartition of the bleed mass. dehydration. Thus.
their lewe] of bubble release comresponded o the actual exer-
cise of all recrearional divers respeciing the safery rule; mesd-
erare exertion before, during and after diving. Thus, we consid-

Int | Sports Med 1599: 20 3 ]
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er that the ficld conditions of our study give a berier piciure af
the bubble praduction than the rraditional experimental stud-
ies carfied our in hyperhasic chambers on standard samples of
prodessienal or military divers,
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